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PHASE [ REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Gwenniil Lake Dam

State Located: Missouri

County Located: Jeffer-on

Stream: Tributary of Isum Creek
Date of Inspection: 7 November 1980

The Gwenmil Lake Dam, which according to the St. Louis District, Corps of
Engineers, is of significant hazard potential, was visually inspected by
engineering personnel of Horner & Shifrin, Inc., Consulting Engineers, St.
Louis, Missouri. The purpose of this inspection was to assess the general
condition of the dam with respect to safety and, based upon this inspection
and available data, determine if the dam poses an inordinate danger to human
life or property. Evaluation of this dam was performed in accordance with the
"Phase I" investigation procedures prescribed in "Recommended Guidelines for
Safety Inspection of Dams", dated May 1975.

The following summarizes the findings of the visual inspection and the
results of certain hydrologic/hydraulic investigations performed unde:r the
direction of the inspection team. Based on the visual inspection, the present
general condition of the Jam is considered to be somewhat less than
satisfactory. Several items were noticed during the inspection which are
considered to have an adverse effect on the overall safety and future
operation of the dam. These items include trees and areas of dense brush on
the downstream face of the embankment, an excessively steep (as much as 1.0v
on 1.5h) downstream slope, erosion of the grass covered upstream face of the
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‘dam, and a dense growth of cattails within the reverveir just upstream of the

spillway.

According to the criteria set forth in the recommended guidelines, the
magnitude of the spillway design fleni for the Gwenmil Lake Dam, which,
according to Table 1 of the guidelines, is classified us small in size; is
specified, according to Table 3 of the quidelines for a dam of significant
hazard potéﬁtial and small size,\to be a minimum of the 100-year frequency
flood and can be, depending upon the degree of risk involved, as much as
one-half the Probable Maximum Flood (PMF). The 100-year frequency flood is
the flood magnitude expected to be exceeded, on the average, once in 100
years. It may also be expressed as an exceedence frequency with a 1 percent
chance of being exceeded in any given year. The Probable Maximum Flood (PMF)
is the flood that may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possible in the
region.. Considering the fact that a relatively small volume of water is
impounded by the dam, that the flood plain downstream of the dam is fairly
broad, that there are but three dwellings (two of which are well above the
streambed) and a non-high hazard potential dam within the flood damage zone,
it is recommended that the spillway for this dam be designed for the 100-year
frequency flood.

Results of a hydrologic/hydraulic analysis indicated that the spillway is
adequate to pass lake outflow resulting from the 1 percent chance (100-year
frequency) flood and, for all practical purposes, the lake outflow resulting
from a storm of one-half PMF magnitude without overtopping the dam. According
to the St. Louis District, Corps of Engineers, the length of the downstream
damage zone, should failure of the dam occur, is estimated to be two miles.
Accordingly, within the potential damage zone are three dwellings, a dam (MO
30431), and two farm buildings. Oam No. 30431, according to the Corps of
Engineers, also has a significant (less than high) hazard potential
classification. No determination was made whether or not failure of Dam No.
30431 would occur during any of the flood events or conditions of overtopping

investigated herein.
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A review of available data did not disclose that seepage or stability
analyses of the dam were performed. This is considered a deficiency and

should be rectified.

It is recommended that the Owner take the necessary action in the near
future to correct or control the deficiencies and safety defects reported

herein.

7&' ‘/ 41 - ~/(z:{%//
Ralptf €. Sauthoff pa
P. E. Missouri E-19090

({/L Vi % (/g,c /uu, 71,

Albert B. Becker, Jr.
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PHASE T IMSPECTINN KEPORT
NATIONAL DAM SAFETY PPROGRAM
GWENMIL LAKE 0AM - MO 31210
SECTION 1 - PROJECT INFORMATION
1.1 GENERAL
a. Authority. The National Dam Inspection Act, Public Law 92-367, dated

8 August 1972, authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of dams throughout the
United States. Pursuant to the above, the St. Louis District, Corps of

Engineers, directed that a safety inspection of the Gwenmil Lake Dam be made.

b.  Purpose of Inspection. The purpose of this visual inspection was to

make an assessment of the general condition of the dam with respect to safety
and, based upon available data and this inspection, determinme if the dam poses

an inordinate danger to human life or property.

C. Evaluation Criteria. This evaluation was performed in accordance

with the "Phase I" investigation procedures as prescribed in "Recommended
Guidelines for Safety Inspection of Dams", Appendix D to "Report to the Chief
of Engineers on the National Program of Inspection of Non-Federal Dars", dated
May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Gwenmil Lake Dam is an

earthfill type embankment rising approximately 29 feet above the natural
streambed at the downstream toe of the barrier. The embankment has an
upstream slope (above the waterline) of approximately lv on 3.0h, a crest
width of about 17 feet, and a downstream slope on the order of lv on 2.0h,
although it becomes somewhat less steep, lv on 3.1lh, near the base and, at the
location of the original stream channel at an elevation approximately 22 feet

below the dam crest, the downstream slope steepens to about lv on 1.5h. The
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h. Normal Operational Procedure. The lake level is unregulated. Lake

outflow is governed by the capacity of an excavated earth type spillway.

1.3 PERTINENT DATA

a. Drainage Area. The area tributary to the lake is a residential type

subdivision development consisting of approximately 25 percent impervious
area. The watershed above the dam amounts to approximately 15 acres. The

watershed area is outlined on Plate 2.

"b. Discharge at Damsite.

(1) Estimated known maximum flood at damsite ... 31 cfs* (W.S.Elev. 635.6)
(2) Spillway capacity ... 94 cfs (W.S.Elev. 636.2)

c. Elevation (Ft. above MSL). Unless otherwise indicated, the following

elevations were determined by survey and are based on topographic dcta shown
on the 1954 Belew Creek, Missouri, Quadrangle Map, 7.5 Minute Series
{photorevised 1968 and 1974).

(1) OGbserved pool ... 632.8

(2) Normal pool ... 635.0

(3) Spillway crest .., 635.0

(4) Maximum experienced pool ... 635.6%

(5) Top of dam ... 636.2 (Min.)

(6) Streambed at centerline of dam ... 610+ (Est.)

e

(7) Maximum tailwater ... Unknown

it

(8) Observed tailwater ... None

d. Reservoir.

(1) Length at normal pool (Elev. 635.0) ... 500 ft,
(2) Length at maximum pool (Elev. 636.2) ... 525 ft.

*Based on an estimate of depth of flow at spillway as observed by Mr. Larry

L ———. f—— o s

Cook, a resident of Gwenmil Subdivision. ;

.
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e. Storage.

(1) Normal pool ... 23 ac. ft.
(2) Top of dam ... 27 ac. ft.

f. Reservoir Surface Area.

(1) Normal pool ... 3.0 acres
(2) Top of dam ... 3.4 acre

"g. Dam. The height of the dam is defined to be the overall vertical
distance from the lowest point of foundation surface at the downstream toe of
the barrier, to the top of the dam.

(1) Type ... Earthfill, homogeneous*
(2) Length ... 341 ft.
(3) Height ... 29 ft.

(4) Top width ... 17 ft.
(5) Side slopes
a. Upstream ... lv on 3.0h (above waterline)
b. Downstream ... lv on 3.1h to lv on 1.5h (at original stream)
(6) Cutoff ... Core trench*
(7) Slope protection
a. Upstream ... Grass
b. Downstream ... Grass

h.  Spillway.

(1) Type ... Uncontrolled, earth channel with concrete retaining wall
at upstream end

{(2) Location ... Left abutment

(3) Crest ... Elevation 635.0 (top of wall)

(4) Approach channel ... Lake

(5) OGutlet channel ... Natural drainage swale

e g

*Per Mr. Walter Ficken, dam builder.




i.  Emergency Spillway ... None

J. Lake Drawdown Facility. The former ovwner, Mrs, Mildred L. Cook,

reported that a 3-inch diameter pipe, capped at the downstream end, was
installed through the dam for the purporse of draining the lake. However, the
drain line could not be located during the inspection.




SECTION 2 - ENGINCLRING DATA

2.1 DESIGN

Data relating to the design of the dam were unavailable,

2.2 CONSTRUCTION

As previously stated, the dam was constructed in 1957 by the Ficken
Material and Excavating Company. According tco Walter H. Ficken, president of
the company, a core trench for seepage cutoff was excavated to solid rock
along the axis of the dam. Mr. Ficken indicated that the core trench was
approximately 10-to-12 feet wide, and that the clay material for backfilling
the trench and constructing the embankment was selected from areas to be
occupied by the lake. No records of the construction of the dam were
available.

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the top of
a concrete retaining wall located at the upstream end of an excavated earth
type spillway. No indication was found that thc dam has been avertopped. The
former owner, Mrs. Mildred Cook, who has lived within the Gwenmil Subdivision
since before the dam was constructed, reported that the dam has never been
overtopped. According to Mr. Larry Cook, a resident of the Gwenmil
Subdivision, the highest lake level experienced to date occurred about 4 or 5
years ago when a storm produced a depth of flow at the spillway wall estimated
to be about 7 inches.

2.4 EVALUATION

a. Availability. Engineering data for assessing the design of the dam
and spillway were unavailable.

b. Adequacy. No data available. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines for Safety




Inspection of Dams" were not available, which is considered a deficiency.
These seepage and stability analyses should be performed for appropriate

loading conditions (including earthquake loads) and made a matter of record.
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SECTION 3 - VISUAL INSPECTION
3.1 FINDINGS

a. General. A visual inspection ot the Gwenmil Lake Dam was made by
Horner & Shifrin engineering personnel, R. E. Sauthoff, Civil Engineer,
H. B. Loci.ctt, Hydrologist, and A. B. Becker, Jr., Civil and Soils Engiieer,
on 7 November 1980. A representative o1 the Owner was not present during the
inspection. An examinatirn of the dam area was alsoc made by en engineering
geologist, Jerry D. Higgins, Ph.D., a consultant retained by Horner & Shifrin
for the purpos: of assessing the site geology. Also examined at the time of
the inspection were the areas and features below the dam within the potential
flood damage zone. Photographs of the dam taken at the time of the inspection
are included on pages A-1 through A-3 of Appendix A. The locations of the

photographs taken during the inspection are indicated on Plate 3.

b. Site Geology. Gwenmil Dam is located on an unnamed tributary to Isum

Creek, which flows into the Big River approximately two miles to the west.

The topcgraphy in this area is moderately to gently rolling, and there is
about 70 feet of relief between the reservoir bottom and the surrounding
drainage divide. The topography becomes more rugged toward the Big River
valley, so that regionally there is about 350 feet of relief. The area is
included within the northeastern part of the Ozark Flateaus Physiographic
Province, and regionally the bedrock structure dips northeastward into the
Il1linois Basin.

There are no rock outcrops in the immediate vicinity of the site;
however, the reservoir and surrounding uplands are underlain by the Ordovician-
age Jefferson City formation. This is a light brown to gray, finely
crystalline, argillaceous dolomite. It is generally thin- to medium-bedded
and contains both nodular and bedded chert, as well as some thin sandstone
layers. Solution enlargement of joints and bedding planes is common, and the
contact between bedrock and the overlying soils is generally very irreqular as
a result of the solution weathering. These solution features are commonly the

cause of reservoir leakage when the soil cover is thin.
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The soils derived from the Jefferson City formation are reddish-birown to
buff-colored, moderately plastic clays, usually mixed with silt on the uplund
areas (ML-CL, Unified Soil Classification System). In the vicinity of the
reservoir, the soils include a noticeable sand component that has probably
been derived from the origimal overlying St. Peter Sandstone formation, that
now has been totally removed from the area by erosion. Weathering of thin
sandstone lenses within the formation may have added sand to the cla, soils.

No geologic conditions were noted at the site that would be considered to
be detrimental to the performance of the reservolr or embankment stability.

c. Dam. The visible portions of the upstream and downstream faces of
the dam (see Photos 1, 2 and 3), as well as the dam crest, were inspected and,
except for some erosion of the upstream face at the watarline, appeared to be
in sound condition. No undue settlement of the crest, sliding or sloughing of
the embankment slopes, or misalignment of the dam was noted. for the most
part, the downstream face of the dam was covered with dense brush and trees up
to 4 inches in diameter. Except for grass about 12 inches high, the upstream
face of the dam was unprotected, i.e., no riprap, and erosion (see Photo 9),
apparently by wave action or changes in the lake level, had created a near
vertical bank up to 12 inches high at the normal waterline. Due to the
presence of several dense stands of cattails at the waterline, the upstream
face of the dam could not be thoroughly examined, and although no animal
burrows were seen, it is possible that some exist. The crest of the dam was
well covered with grass, a fescue, about 3 inches high. Examination of a s0il
sample obtained from the downstream face near the center of the dam indicated
the surficial material to be a light brown, silty lean clay (CL) of
low-to-medium plasticity.

The grass-covered earth spillway (see Photos 5 and 6) as well as the
visible portions of both the upstream (see Photo 4) and downstream (see Photo
7) retaining walls appeared to be in satisfactory condition. A small gully,
about 6 inches deep and up to 2 feet in width located near the center of the
spillway, that served as a pilot channel extended the length of the crest
section. At the downstream end of the crest section, the gully within the
spillway channel was extensively eroded and followed a course that carried it

3-2




past the left end of the downstream retaining wall (see Photo 7) and beyond,
what appeared to be, the intended spillway outlet channel where it joined a
natural drainage swale at a point about 25 feet south, or downstream, of the
intended channel. A large pile of tree branches that appeared to have been
purposely placed covered about two-thirds of the retaining wall. Both the
intended outlet channel (see Photo 8) and the natural swale were somewhat
overgrown with brush and small trees. A mimor guantity of standing water, the
origin of which could not be determined, was observed at the junction of the
spillway outlet channel and the origimal stream chanmnel. However, no
indication of lake seepage was observed adjacent to the dam or within the
origimal stream channel in the immediatz vicinity of the dam.

d. Appurtenant Structures. No appurtenant structures were abserved at

this dam site.

e. Downstream Channel. Except as noted herein, the channel downstream

of the dam within the potential floo. damage zone is unimproved. The channel
section is irreqular and for the most part lined with trees. The channel
joins the upstream end of Deerwood Lake No. 1 at a point about 1,000 feet
downstream of the Gwenmil Lake Dam., The dam for Deerwood Lake No. 1, MO
30431, lies approximately 2,000 feet downstream of the Gwenmil Lake Dam.

f. Reservoir. At the time of the inspection, the reservoir was
approximately 2.2 feet below normal level and the lake water was clear. No
significant erosion of the lake banks was evident. The area about the lake is
a residential development, well maintained with established lawns. However,
as previously indicated, several dense stands of cattail were noted within the
reservoir including the area of the spillway approach. The amount of sediment
within the lake could not be determined during the inspection; however, due
to the turf cover on the area surrounding the lake, it is not expected to be
significant.

3.2 EVALUATION

It appears that the originmal intent was to discharge spillway releases to
the man-made channel just downstream of the 8-inch retaining wall at the end




of the crest section rather than to the natural drainage swale located just

south of the subdivision's property line. Regardless of the original intent,

for lake outflow within the capacity of the spillway, the safety of the dam is
not endangered.

The deficiencies observed during tlhie inspection and noted herein are not
considered of significant importance to warrant immediate remedial action.




SECTION &4 - DPERATIONAL PRCIEDURES

4.1 PROCEDURES

The spillway is uncontrolled. The lake level is governed by pracipitst.sn

runoff, evaporation, seepage, and the capacity of the uncontrolled spiilw.y.

4.2 MAINTENANCE OF DAM

According to Edward ward, President, €-ard of Trustees, the dam receives
pariodic routine maintenance such =s nonthly mowirg of the grass on ths Zam
crest Zuring the growing s2as-n, vaa-ly Tangvr!l v trapoicg of muskoats, =0
Tasigration -F tho dam as reculirTed ot roaslrat ToTroaws,

L0Z MAINTENANCE OF OUTLET OPERATING FoCILITIES

» -~ g ~bh F Al -1 aa e - e e e R .- e e SN -~ - - -
S CJT2T TaECI1TL33 T3 20273T 500 AT 20 TNLS G887, et Lh2T L
-~ - - — - - A foa - PR ~ - ' el [
D rEs2IvoiT tegulitinot gl Sz ooooavicusl, Iruolizaler, 1olawe? Craloooine

AT T
Mrs, MIldres

CaCk, L0 2xist. HowewveI, Ne 2utlel could nol e logatsd cduring tnhe
irsnection and, since it is caoged, it is presumsZ that the outlet would be

< T, e e m e [ N
USES CNLY TG TS OTU oy ITALY T Lk,

4.4 DESCRIPTION OF ANY WARNING TVSTEMS IN EFFICT

Mr. ward, who Tesides neat tha lakn, indiczted that the Jofferson CTounty
sheriff's office woulou be rmotified In the case of an ersrgency, such as the
imminent failure of the dam. fne inspection aid mot reveal tne axistence of

any other type of dam fallure warning system,
4.5 EVALUATION
it is recommended that maintenmance of the dam also include removal of

trees and brush on the cownstream fac~ of the dam and the stands of cattails
within the reservoir adjacent to the dam and spillway. Measures sheculd alsc

(o3

¢ taken to prevent further erosion of the unstream face 3% and just ahowe
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the normal waterline. It is also recommended that a detailed inspection of
the dam be instituted on a regular basis by an engineer experienced in the
design and construction of dams and that records be kept of all inspections

made and remedial measures taken.
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SECTION 5 - HYDRAULIU/HYDRCLUOGIC
5.1 EVALUATION OF FEATURES

a. Desian Data. Design data were not available.

b. Expericnce Data. The drainage area and lak:~ surface area were

determined from topoyraphic data shown con the 1954 USGS nelew Creek, Mioscuri
Quadrangle Map (phutorevised 1968 and 1974). The proportions and dimensions
of the spillway and dam were develuped from surveys made wuring the

inspection. Records of rainfall, streamflow, or flood ‘Jata for the watersned

were not available.

Due to the fact that the watershed for this reservoir is small 2nd since
there is no history of excessive reservoir ieakage that would auversely affect
the normal operating level of the lake, the lake level was assumed to be at
normal pool (spillway crest) as a result of antecedent storms prior to

occurrence of the probable maximum flood storm and the probabilistic s*torai.

According to the St. Louis District, Corps of Engineers, the estimated
flood damage zone, should failure of the dam occur, 2.tends two miles
downstream of the dam. Dam No. 30431, classified as of significant hazard
potential by the St. Louis District, lies about 2,000 feet downstream of the

Gwenmil Dam,

C. Visual Observations.

(1) The spillway, an excavated earth, dish-shaped section with low
concrete retaining walls at the upstream and downstream ends of the crest
section, is located at the left, or east, abutment.

(2) Due {) the occurrence of snme minor erosion at the location of
the downstream retaining wall, spillway releases appear to discharge to a
natural drainage swale located approximately 25 feet south of the intended
outlet channel.




—

(3) Spillway releases within the capacity of the spillway section
should not endanger the dam.

(4) It was reported that the lake is provided with a 3-inch diameter
pipe drain, capped at the downstream end. This outlet could not be located at

the time of the inspection.

d. Overtopping Potential. The spillway is inadequate to pass the

probable maximum flood without overtopping the dam. However, for all
practical purposes, the spillway is adequate to pass cne-half the probable
maximum food and the lake outflow resulting from the 1 percent probability
(100-year frequency) flood without overtopping the dam. The results of the
dam overtopping analyses are as follows:

(Note: The data appearing in the following table were extracted from the
computer output data appearing in Appendix B. Unles otherwise indicated,
decimal values have been rounded to the nearest one-tenth in order to prevent
assumption of unwarranted accuracy.)

Max. Depth (Ft.) Duration of

Q-Peak Max. Lake of Flow over Dam Overtopping of
Ratio of PMF  Outflow (cfs) W.S. Elev. (Elev. 636.2) Dam (Hours)
0.50 98 636.23 0.03 0.17
1.00 342 636.8 0.6 0.7
1% Prob. Flood 42 635.7 0 0

The lowest point in the dam crest was found to be elevation 636.2. The
flow safely passing the spillway just prior to overtopping was determined to
be approximately 94 cfs, which is the routed outflow corresponding to about 48
percent of the probable maximum flood inflow. During peak outflow of the
probable maximum flood, the greatest depth of flow over the dam is projected
to be 0.6 foot and overtopping is estimated to extend across almost the entire
length of the dam. Ouring peak outflow of one-half the probable maximum
flood, a very minor amount of overtopping is expected to occur at about
station 2+00. Overtopping is not expected as a result of lake outflow
resulting from the 100-year storm.




e. tvaluation. The results of the uvertopping analyses indicate that
the existing spil way is adequate to pass the 1 percent chaice (100-year
frequency) flood, which is the recommended spillway design flood, without
overtopping the dam. This does not mean that floods areater than the
recommended spillway design flood will not occur, or that overtopping of the
dam as a result of floods on the order of one-half the probable maximum flood,
or greater, will not take place.

f. References. Procedures and data for determining the probable maximum
flood, the 1 percent probability (100-year frequency) flood and the discharge
rating curve for flow passing the spillway are presented on pages B-1l and B-2
of Appendix B. Listings of the HEC-1 (Dam Safety version) input data for both
the probable maximum flood and the 1 percent probability (100-year frequency)
flood are shown on panes B-3 through B-5. Computer output data, including
unit hydrograph ordinates, tabulaticon of PMF rainfall, loss and inflow data
are shown on pages 8-6 through B-9; tabulation of lake surface area,
elevation and storage volume is shown on page B-10 and tabulations titled
"Summary of Dam Safety Analysis” for the PMF and 1 percent probability
(100-year frequency) flood are also shown on page B-10. Values for the
spillway rating curve are shown in the table on page 8-11.
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SECTION 6 - STRUCTURAL STABILITY
6.1 EVALQATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which

adversely affect the structural stability of the dam are discussed in Section
3, paragraph 3.l1c.

b. Design and Construction Data. No design or construction data

relating to the structural stabilty of the dam are kncwn to exist. Seepage
and stability analyses comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams" were not available, which is
considered a deficiency. These seepage and stability analyses should be
performed for appropriate loading conditions (including earthquake loads) and
made a matter of record.

c. Operating Records. No appurtenant structures or facilities requiring

operation exist at this dam. According ta Mr. Edward Ward, the Owner's
representative, no records are kept of the lake level, spillway discharge, dam
settlement, or seepage.

d. Post Construction Changes. According to both Mrs. Mildred Cook, the

former owner, and Mr. Ward, no post construction changes have been made or
have occurred which would affect the structural stability of the dam.

e. Seismic Stability. The dam is located within a Zone II seismic

probability area. An earthquake of the magnitude that might occur in this
area would not be expected to cause structural damage to a well constructed
earth dam of this size provided that static stability conditions are
satisfactory and conventional safety margins exist. However, it is
recommended that the prescribed seismic loading for this zone be applied in

any stability analyses performed for this dam.




SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is capable
of passing lake outflow of about 94 cfs without the level of the lake
exceeding the low point in the top of the dam. A hydrologic analysis of the
lake watershed area, as discussed in Section 5, paragraph 5.1d, indicates that
for storm runoff resulting from the 1 percent chance (100-year frequency)
flood (the recommended spillway design flood for this dam), the lake outflow
would be about 42 cfs. Since the capacity of the existing spillway exceeds
the recommended spillway design flood, the proportions of the spiliway are
considered adequate and no revisions are believed necessary. However, this
does not imply that floods greater than the recommended spillway design flood
will not occur, or that overtopping of the dam as a result of these floods
will not take place.

Seepage and stability analyses of the dam were not available for review,
and therefore, no judgment could be made with respect to the structural
stability of the dam.

Several items were noticed during the inspection that could adversely
affect the safety of the dam. These items include trees and brush on the
downstream slope of the embankment, an excessively steep (as much as lv on
1.5h) downstream slope, the lack of adequate slope protection to prevent
erosion of the upstream face of the dam, and dense stands of cattails within
the reservoir adjacent to the dam and spillway.

b. Adequacy of Information. Due to lack of design and construction

data, the assessments reported herein were based on external conditions as
determined during the visual inspection. The assessments of the hydrology of
the watershed and capacity of the spillway were based on a hydrologic/
hydraulic study as indicated in Section 5. Seepage and stability analyses
comparable to the requirements of "Recommended Guidelines for Safety
Inspection of Dams" were not available, which is considered a deficiency.

7-1
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c. Urgency. The remedial measures recomoended in paragraph 7.2 for the
items concerning the safety of the dam noted in paragraph 7.la should be
accompliéhed within the near future.

d. Necessity for Phase II. Based on the results of the Phase I

inspection, a Phase II investigation is not recommended.

e. Seismic Stability. The dam is located within a Zone II seismic

protability area. An earthquake of the magnitude that might occur in this
area would not be expected to cause structural damage to a well constructed
earth dam of this size provided that static stability conditions are
satisfactory and conventional safety margins exist. However, it is
recommended that the prescribed seismic loading for this zone be applied in
any stability analyses performed for this dam.

7.2 REMEDIAL MEASURES

a. Recommendations. The tollowing actions are recommended.

(1) Obtain the necessary soil data and perform dam seepage and
stability analyses in order to determine the structural stability of the dam
for all operational conditions. Seecpage and stability analyses should be
performed by a qualified professional engineer experienced in the cesign and
construction of earthen cams.

b. Operations and Maintenance (0 & M) Prccedures. The following O & M

Procedures are recommended:

(1) Remove the trees and brush that may conceal animal burrows from
the downstream face of the dam. Tree roots and animal burrows can provide
passageways for lake seepage that could lead to a piping condition and failure
of the dam. All holes should be filled with compacted impervious material
(clay) and the existing turf cover should be restored if destroyed or
missing. Maintain the turf cover at a height that will not hinder inspection

of the dam or provide cover for burrowing animals.




(2) Provide some form of protection other than grass for the
upstream face of the dam at and above the normal waterline in order to prevent
erosion.' A grass covered slope is not considered adequate protection to
prevent erosion by wave action or by a fluctuating lake level. Luss of
embankment material by erosion can impair the structural stability of the dam.

(3) Remove the dense stands of cattails from tbe area of the
reservoir that obstruct the spillway approach and provide cover for burrowing
animals. Qbstructions within the spillway upproach can impede lake outflow
resulting in a decrease of spillway capacity that could lead to overtopping
and failure of the dam. As previously indicated, animal burrows can provide
pathways for lake seepage that could develop into a piping condition.

(4) Provide maintenance of all areas of the dam and spillway on a
regularly scheduled basis in order to insure features of being in satisfactory
operational condition.

(5) A detailed inspection of the dam should be instituted on a
regular basis by an engineer experienced in the design and construction of
dams. It is also recommended, for future reference, that records be kept of

all inspections made and remedial measures taken.
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APPENDIX B
HYDROLOGIC AND HYDRAULIC ANALYSES .
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HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The HEC-1 Dam Safety Version (July 1978, Modified 26 February 1979)
program was used to develop inflow and outflow hydrographs and dam overtopping

analyses, with hydrologic inputs as follows:

a. Probable maximum precipitation (200 sq. miles, 24-hour value equals
25.4 inches) from Hydrometerological Report No. 33. The
precipitation data used in the analysis of the 1 percent chance
(100-year frequency) flood was provided by the St. Louis District,
Corps of Engineers.

b. Storm duration = 24 hours, unit hydrograph duration = 5 minutes.

c. Drainage area = 0.024 square miles = 15 acres.

d. SCS parameters:

3.0.385

Time of Concentration (Tc) = (11.9L7) = 0.050 hours
H
Where: TC = Travel time of water from hydraulically most distant
point to point of interest, hours.
L = Length of longest watercourse = 0.114 miles.
H = Elevation difference = 42 feet.

The time of concentration (7c) was obtained using method C as
described in Fig. 30, "Design of Samll Dams", by the United States
Department of the Interior, Bureau of Reclamation, and was verified
using average channel velocity estimates and watercourse lengths.

i Lag time = 0.030 hours (0.60 Tc)

Hydrologic Soil Group = 100% O (Gascanade Series per SCS Missouri
General Soil Map and field inspection; 25
percent impervious)

Soil type CN

1)

80 (AMC 11, 100-yr flood)
= 91 (AMC III, PMF condition)
B-1
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2.

The spillway consists of a grass covered, earthen channel of wide and

irregular cross-setion. Spillway release rates were determined as follows:

da.

3.

Spillway control section was assumed located 13.5 feet downstream of
the 12-inch concrete retaining wall at the reservoir.

Since the channel slope is mild, s = 0.015, it wa assumed that flow
at the control section would occur at normal depth.

Flow at normal depth was computed as Q = AV. For various depths,
"d", corresponding velocities were determined using the Manning
equation,

v = 1.486 Ar0.67s0.5 for velocity and a channel roughness
n

coefficient, or "n" value of 0.030. Reference "Handbook of
Hydraulics" Fifth Edition, by King & Brater, where "A" is the
cross-sectional area and V is the velocity of flow for a given depth,
"d" .

Static lake levels corresponding to the various flow values passing
the spillway were computed as normal depths plus velocity heads (dn
+ Hv), and the relationship between lake level and spillway
discharge was thus obtained. The procedure neglects the minor
insignificant friction losses across the length of the spillway.

The spillway discharges for corresponding elevations were entered the
computer program on the Y4 and Y5 cards.

The profile of the dam crest is irreqular and flow over the dam cannot

be determined by application of conventional weir formulas. Crest length and

elevation data for the dam crest proper were entered into the HEC-1 Program on

the $L and $V cards. The program assumes that flow over the dam crest occurs

at critical depth and computes internally the flow passing the dam crest and

adds this flow to the flow passing the spillway as entered on the Y4 and Y5

cards.
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ANALYSIS OF DAM OVERTOPPING USING RATIOS OF PF
HYDROLOGIC-HYDRALLIC ANALYSIS OF SAFETY OF GMENMIL LAKE DAM
RATIOS OF P ROUTED THROUGH RESERVOIR

JOB SPECIFICATION
Na NR NN 10AY IR IMIN METRC  IPLT  IPRT  NSTAN

83 0 S 0 0 0 0 0 0 0
JOFER WT  LROPT  TRACE
3 0 0 0

MATI-PLAN ANALYSES TO BE PERFORMED
NPLAN= | NRTIC= 4 LRTIO= |
RTIOS= .45 .43 .50 L.00

(1232231223 [$23222322 1] (222221142 La322. 212223 f2atasalsy]

SUB-ARER RUNOFF COMPUTATION

INFLOW HYDROGRAPH
ISTAG 10  [ECON ITAPE  JPLT  JPRT INAME ISTAGE  IAUTO
INFLOW 0 0 0 0 0 1 ¢ 0
HYIRIGRAPH DATA
IHYDG  [UHG TAREA  SNAP TRSDA TRSPC RATIO ISNM ISAME  LOCAL
1 2 02 0.0 02 1,00 €000 0 1 0
PRECIP 1ATA

SPFE s Rb R12 R2A R& R72 R96
0.00 25,40 102.00 120.00 130.00 0,00 0.00 0.0

LOSS DATA

LROPT STRR DLTKR RTIOL ERAIN STRKS RTIK STRTL ONSTL ALK RTIW

0 0.00 0.0 100 000 0.0 1.00 -1.00 9100 000 .25
CRVE N0 = -91.00 METNESS = -1.00 EFFECT ON= 91,00

UNIT HYDROGRAPH DATA
TC= 0.00 LAG= .03

RECESSION DATA
STRT@= -1.00 @RCSN=  -,10  RTIOR= 2.00

" T YIME INCREYENT TOO LARGE~-(NHQ IS GT LAG/2)

UNIT HYDROGRAPH S END OF PERIOD ORDINATES, TC=  0.00 MOURS, LAG= .03 VOL= 1.00
18 ®. 8. 2. 0. T




-

' 0 END-OF-PERIOD FLOM _ i

f M0.08 HR.MN PERIOD RAIN EXCS LOSS (COWP 0 M.DA HR.MN PERIOD RAIN EXCS LOSS COMP @
1.08 .05 1t .01 .00 .0t 1. 1.01 (2,05 s .z .21 .0 32.
Tt L 10 2 .01 .00 .01 1. 1.0t 12,10 1w 2 .2 . 3.
1.0t .15 3 .00 .0 .0l 1. 1.0 12,15 1 .2 .21 .0 .
1.0t .20 4§ 0t .00 .0l 1. 1.01 12,20 s .2 . .00 0.
.4 .5 5 .0t .0 .0 i. 1.01 12.25 149 22 .21 . 40,
.01 .3 5 .01 L0 L0t 1. 1.01 12.30 1% .z . .00 40.
.0t . 7 .00 .00 L0t 1. 1.0l 12.5 15 S/ SR TR 1 40.
1.0f .80 g8 .01 .00 .0t . 1.01 12,80 152 .2 .1 .0 0.
1.00 A5 9 .01 .00 .0f 1. 1.01 12,45 153 .2 .21 .00 40,
L0 .50 0 .01 .00 .01 1. 1.01 12,50 1% .2 .2t .00 40,
.00 .5 11 .01 .00 .01 1. 1,01 12.55 155 .2 .21 .00 40.
1.01 1,00 12 .00 .00 .0 1. 1,01 13.00 15 2 .21 .0 40,
1,00 105 13 .6t .00 .0 1. 1.0l 13.05 17 .26 .26 .00 8,
1,01 1.10 14 .01 .00 L0 1. 1.0t 13.10 158 .26 .26 .00 47,
1.08 1.15 15 .01 .00 .01 1. 1,01 13.15 1% .26 .26 W00 48,
101 1.20 16 .08 00 .0y 1. 1.01 13.20 160 .26 .26 .00 48,
1,01 1.5 17 .00 .00 L0 1, 1.01 13.55 1 2% .2 .0 48,
1,01 1.30 18 .01 .00 .0t 1 1.01 13.30 12 .26 .76 .00 43,
100 1.3 19 .01 .00 .01 f. 1.01 13.35 163 .26 % .00 8,
1.0t 1.40 20 .0t .01 .01 1. 1.0 13.40 164 .26 .26 .00 48.
1.0t 1.45 20,01 .01 .0t 1. 1.01 13.45 15 .26 .26 .00 48,
1.0t 1.5 7 JBN ) BN ) 1. 1.01 13.% 1% .26 .26 .00 48,
1.0 1.5 7 .0t .01 .01 1. 1.0 13.55 187 .26 .26 00 A8,
1.0 2,00 24 .01 .0t 0! 1. 1.0t 14.00 18 .26 .2 .00 4.
1,01 2,05 % .01 .01 .0t 1, 1.01 14.05 169 .32 . .00 57.
1.0 2.10 2 .01 .01 .08 1. 1.01 14,10 170 .2 R 0 9.
1.0t 2.15 21 .00 L0008 1. 1,01 14.15 17t R R0 0.
1.0 2.20 B .00 .0t L0t 1. 1,01 14,20 172 .32 .32 0 0.
100 25 0™ .01 .0t L0t 1. 1,01 14,25 173 .32 .32 .00 80,
1.0 2.3 30 .01 .01 L01 1. 1.01 14.% 174 32 3 .00 0.
1.0 2.35 31 .01 .01 L0 1. 1.01 14.35 1915 T 7 S S 1 1 0.
1.01  2.40 32 .0t .00 .0t 1. 1.01 14,40 17 .2 .2 .M 80.
1.0 2.45 » 01 Lot Lot 1. 1.01 14.45 177 R R .0 0.
1.01  2.%0 W .01 .01 L0 1. 1.01 14.% 178 .32 .32 .0 0.
1,00 2.55 3 .01 .01 L0t 1, 1,01 14,55 v 2 RN .m0 60,
1.0 3.00 ¥ .0t .01 .01 1. 1,01 15.00 1E QN 7 S / S\ 0.
1.0 3.05 AN+ N1 RN 11| 1. .01 15.05 18 .20 .20 .00 43,
1010 310 3B .0t .01 .01 2. 1.0l 15.10 12 .3» % .0 85,
1.01 3,15 ¥ .08 .01 L0t 2 1.01 15.15 183 . .¥ .00 T M.
1.01  3.20 4 .00 .01 .0 2, 1.01 15.20 18 .59 .59 .00 100.
Ll 3.5 4 .00 .01 .01 2 1,04 15.25 185 .89 .49 .00 121,
.06 3.3 42 01 .00 .0 2 1.01 15,30 186 1.67 187,00 262,
1.0 3,35 A3 .01 .01 .ot 2. 1.01 15.35 187 2.7 275 .00 450.
T.007 3 4 01t .0t .01 2, 1,01 15.40 168 1,08 1.08 .00 249,
1,01 3.45 45 .01 .01 .08 2 1.01 15.45 1899 .69 .9 .00 160.
1.01 3.5 4 .0t .0t .0 2, 1.01 15.50 19,5 % .00 120.
1.01 3.55 4 0t 00 .00 2. 1.0t 15.55 190 .» .® .00 84,
1,00 4.00 2. 1,01 16.00
1,01 4,05 2. 1.01 16.05
1,00 4,10 2. 1.01 18.10




1.01
1.01
1.0
1.0t
1.0}

1.01

1.01
1,01

1.017

1.01
1.0t

.04

1.0t
- 1.0t
1.01
1.01
1.01
1.0
1.04
1.0
1.01
1,0t
1,01
1.0
1.04
1.0
1.01
1.01
1.01
1.01
1.0t
1.01
1.01
1.0t
1.01
1.0t
1.01
.ot
1.0
1.0
1.01
1,01
1.01
1.01
1.01
1,01
1.01
1.01
1.01
1.01
1,01
1,01

ol ol L AL R FT T

oo oo

o
X

oo
ERBAIGSISUNLELEREBUEGIIZALEENS

-

PENNNNNNNNNNNNoeo
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8.10
8.15
8.20
8.25
3.30
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SS89 LS8 8328ILURRRY
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END~OF-PERIOD Fl,0W

.01
.0t
.01
.01
.01
.0t
0t
.01
0t
.01
.0l
.0}
.0l
01
.0t
.0t
.01
.01
.01
.01
.01
.0t
.06

g8R228288288%

228288

.M
.01
.0t
01
.01
.01
0t
.01
.01
01
.01
.01
.01
.01
01
N1
.0t
01
01
.01
01
.01
03
.05
.05
.05
05
.05
.05

222222288285

.00
.00
00
00
<00

-

[ SIS I K
o« e

QNNMMI-JFJNPJNNFJM'\)MNVJN"JPJN
» e a2 e e « a7 . . .

-
5558

10,
10.
10.
10.
10.
10.
i,
1.
i1,
i1,
11,
11,
i1,
11,
il.
i1,
i,
i1,
i1,
11,
i1,
i1,
i1,

.......

L
(Cont'd)
1.0 18.15 15 .30 .30 .00 58,
1,01 16.20 196 .30 .0 .00 56,
1.01 16.25 197 .30 .30 .00 .
1,01 16,30 198 .3 .30 .0 5%,
1.01 16.75 199 .30 .30 .00 58,
1.0 16.40 20 .30 .30 00 56,
1.01 16.45 00 .30 .30 0 S6.
1.01 16,50 202 .30 .30 .00 Sb.
1.01 18.55 203 .30 .3 00 " 5%,
1.0 17.00 208 .30 . .00 5.
1.0 17.05 205 24 4 00 47,
1.01 17.10 206 .24 .24 00 45.
1.00 1715 201 .24 .4 .00 A4,
1.01 17.20 208 .24 . .0 M,
1.01 17,25 209 .24 . .00 M,
1.01 17,30 200 .4 .4 00 «,
1.01 17.35 S ST JRT SR W,
1.01 17,40 22 .4 8 [T
1,01 17,45 23 .4 . w0 ",
1.01 17,50 M U w0 “",
1.01 17.55 215 .4 LA 00 W,
1.01 18.00 26 A . .m “,
1.01 18,05 A7 .02 02 .0 AL,
1.0} 18,10 208 .02 .02 .00 ..
1.01 18,15 209 .02 .02 .00 3%.
100 18,20 20 .02 .02 .00 B,
1.01 18,75 28 .02 .62 W 31,
1.01 18.30 20 .02 .02 .00 0.
1.01 18.35 23 .02 .00 .00 27,
1.01 18,40 24 .02 00 .00 x.
1.04 1845 225 .02 .02 .00 24,
1.01 18.50 26 020 .02 .00 2.
1.0} 18.55 27 .07 .02 .00 21.
1.0f 19.00 23 02 W2 W 19.
1.01 19,05 29 02 .02 .0 18.
1,01 19.10 20 .02 .02 .00 17.
1.0t 19.15 231 .02 .02 .00 16,
1.01 19.20 232 .02 .02 .00 15.
1.0l 19.25 23 .02 .02 .00 14.
1.01 19,30 24 02 .02 00 13.
1.0 19.35 235 .02 .02 .00 12.
1.01 19.40 236 .02 .02 .00 i1,
1.0t 19,45 37 .02 .02 .00 16.
1.01 19.%0 238 .02 .02 .00 10.
1.01 19,55 239 .02 .02 .00 9.
1.0 20.00 0 .02 .02 00 8.
1.01 20,05 41 02 .02 .00 8.
1.0t 20.10 42 .02 .02 .00 7.
1.01 20,15 243 .02 .02 .00 7.
1.0 20.20 24 02 02 .00 b,
1.01 20,25 245 .02 .02 .00 6.
1.0t 20,30 246,02 .02 .00 .




END-OF-PERICD FLOW (Cont'd)

101 8.3 103 .06 .06 .00 1. 1.0 20,5 247 .02 .02 ,00 S,
1.01  8.40 104 .06 .06 .00 1. 1,01 20.40 248 .02 .02 .00 5.
1.0 8.45 105 .06 .06 .00 i1, 1.0t 20.45 249 .62 .02 .00 A,
1.01 8.5 106 .06 .06 .00 11, 1.01 20.50 20 .02 .02 00 4
1.01  8.55 107 .06 .06 .00 11. 1,00 2.5 256 .02 .0z .00 4,
1.0t 9.00 108 .06 .06 .00 11. 1.01 21,00 252 .02 .02 .00 4,
1,00 9.05 109 .06 .06 .00 11, 1.6 21,05 53 .02 .02 .00 3,
1,00 9.10 110 .06 L0600 11, 1.0t 20.10 S .02 .02 .00 4,
1.01  9.15 1m0 06 00 11. 1.01 21,15 255 .02 .02 .00 4,
1,01 9.20 112 .06 .06 .00 11, 1.01 21,20 2% .02 .02 .00 A
1.0 9.5 13 .06 .06 .00 11. 1.0 21.25 %57 02 .02 .00 4,
101 9.30 14 .08 06 .00 11, 1.0} 21.30 258 .02 .02 .00 4.
.01 9.3 1Hs .06 .06 .00 11, 1.01 21.35 259 .02 .02 .00 4,
101 9.40 16 .06 .06 .00 11. 1,01 21.40 260 .02 .02 .00 4,
1.01  9.45 17 .06 .06 .00 11, 1.01 21.45 21 .02 .02 .00 4,
1.0 9.%0 18 .06 .06 .00 i, 1.0t 21.50 22 02 .02 .00 4
1,01 9.5 19 .06 .06 .00 11. 1.01 21.55 23 .02 .02 .00 A,
1.01 10.00 120 .06 .06 .00 i1, 1.01 2.0 24 .02 .02 .00 4,
1.01 10.05 121 .06 .06 .00 11. 1.01 22.05 25 .02 .02 .00 s,
1,01 10.10 12 .06 .06 .00 11. 1.01 22.10 26 .02 .02 .00 A
1.01 10.15 122 .06 .06 .00 11. 1,00 22,15 267 .02 02 .00 4,
1.01 10.20 124 .06 .06 .00 11. 1.01 2.2 28 .02 .02 .00 'y
1.0t 10.25 15 .06 .06 .00 11. 1.00 2.5 2869 .02 .02 .00 A
1.01 10.320 126 .06 .06 .00 11, 1.0 22.30 20 .02 .02 .00 4.
1,01 10.35 127 .06 .06 .00 1. 1.01 22.35 7 .02 .02 .00 4,
1.01 10,40 128 .06 .06 .00 11, 1.01 22.40 22 .02 .02 .00 4.
1.0t 10.45 19 .06 .06 .00 1. 1.00 22,45 273 .02 .02 .00 4.
1.01 10.50 130 .06 .06 .00 12, 1,00 22.%0 24 02 .02 .00 4.
1,01 10.55 131 .06 .06 .00 12, 1,01 22.55 25 .02 .02 .00 A,
1.01 11,00 132 .06 L0600 12, 1.0l 72.00 2% .02 .02 LW A,
1.0l 11,05 133 .06 .06 .00 12. 1,01 23.05 277 .02 .02 .00 A,
1.01 11,40 4 .06 06 .00 12. 1.01 2510 28 .02 .02 .00 'y
1.01 11.15 135 .06 .06 00 12, 1,01 23.15 9 .02 .02 .00 'R /
1.01 11,20 136 .06 .06 .00 12, 1.0t 23.20 80 .02 .02 .00 4, 1
1.01 11.25 137 .06 .06 .00 12. 1,01 23.25 V1 02 02 0 4, i
1.01 11,30 138 .06 .06 ,00 12, 1,01 23.30 82 .02 .02 .00 4.
1.0t 11,35 139 .06 .06 00 12, 1.0l 23.35 %3 .02 .02 00 A,
1,01 11.40 140 .06 .06 .00 12. 1,00 23.40 284 02 .02 .00 A,
1,00 11.45 141 .06 .06 .00 12, 1.01 23.45 2% .02 .02 .00 4,
1.0f 11,50 142 .06 .06 .00 12. 1.01 2.% B 02 07 .0 A,
1.01 11.55 143 .06 06 .00 12, 1.0l 23.55 287 .02 .02 .00 A
1.01 12,00 M4 06 .06 .00 12. 1.02  0.00 w02 .02 00 A,
SN 33.02 32.15 .87 6393,
[ 839,10 812,01 22.)( 181,03)
PEAK  6-HOR  24-HOR  72-HOR  TOTAL VOLUME
(513 450, YR 22. 22, 6379.
s 13. 2 1. 1 181.
INCHES 25.81 .U 3,3 34,34
™ 855.56  872.26  872.2% 872.2% .
ACFY n, 44, A4, M,
THOUS CU N AL, 54, %4, 54,
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